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MEDICAL IMPLANT WITH FLOATING
MAGNETS

CROSS REFERENCE TO RELATED
APPLICATION

This claims the benefit of copending, commonly-assigned
U.S. Provisional Patent Application No. 61/526,314, filed

Aug. 23, 2011, which 1s hereby incorporated by reference
herein 1n 1ts entirety.

BACKGROUND OF THE INVENTION

This invention relates to medical implants containing mag-
netic material placed around a tissue or body structure, where
the medical implant can be made more compatible with com-
peting magnetic fields, such as those present during Magnetic
Resonance Imaging (MRI), by employing “tloating” mag-
nets.

Strong magnetic fields such as those within an MRI scan-
ner can cause magnetic material 1n a medical 1mplant to
depolarize or repolarize, and also can induce undesirable
forces on the medical implant. The magnetic field may induce
a torsional force that attempts to align the magnetic poles
within the implant to the magnetic field. This force can result
in undesirable stress on the patient’s body tissues, or on the
implant itself. If the magnetic field 1s of sufficient strength,
and the magnets in the implant cannot move to align them-
selves with the magnetic field, the magnetic field can cause
the magnetic poles of some or all of the magnets 1n the
implant to reorient (repolarize) to align with the magnetic
field. ITthe poles of some magnetic elements within a medical
implant reorient and some do not, resulting 1n poles not all 1n
the same orientation, the unaligned poles could neutralize
cach other and cause a loss or reduction of magnetism (depo-
larization). This may result in the implant functioning poorly
or not at all even after the magnetic field 1s removed (e.g., after
the MRI scan 1s complete).

SUMMARY OF THE INVENTION

Systems and methods are described for the use of “float-
ing”” magnetic elements (e.g., magnets) in medical implants.
As described herein, the magnetic elements within the medi-
cal implant are allowed to rotate freely to align with an exter-
nal magnetic field, such as the magnetic field created by an
MRI scanner. Allowing the poles of the magnetic elements to
float and freely align themselves with other stronger magnetic
fields such as within an MRI scanner can prevent the unde-
sirable outcomes described above. An illustrative use of the
invention 1s as an alternative to anti-esophageal-reflux medi-
cal devices previously described 1n, e.g., commonly-assigned
U.S. Pat. Nos. 7,175,589 and 7,695,427. In this alternative,
variants ol which are shown 1n the drawings below, magnetic
clements that float 1n individual housings are used 1n place of
the fixed magnets of the previous embodiments.

The magnetic elements and/or housings can be of any
shape and size so long as the magnetic elements are allowed
to float or rotate within the casing. Additionally, any number
of magnetic elements can be used within a single housing so
long as the magnetic elements are allowed to float or align
with whatever external magnetic field is strongest. Further-
more, the housings can be linked together 1n any suitable way,
as long as the implant 1s suiliciently flexible to interact with
body organs and/or tissue as intended. Such a flexible linkage,
or the members making up the tlexible linkage, can be made
from polymers, metals, textiles, etc. The flexible linkage
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serves to allow the individual housings to move apart from
cach other when external forces overcome the attractive
forces between magnetic elements within adjacent housings
of the medical implant. In some embodiments, the flexible
linkage should also serve to limit the allowable separation
distance between the housings of the medical implant.

The flexible linkage may engage each of the housings 1n
numerous ways provided that the connection between the
flexible linkage and each of the housings does not impair the
ability of magnetic elements within each of the housings to
freely rotate. In some embodiments, the housings may be
bead-shaped and may be strung together with thin flexible
members such as suture or wire. Bead-shaped housings also
may be linked via interwoven flexible strands, individual
links, or chain links. Alternatively, bead-shaped housings
may also be linked together by flexible fabric or can be
encapsulated 1n a flexible fabric or polymeric structure (e.g.,
a band) to contain the bead-shaped housings. Additionally, to
ensure that excessive tissue ingrowth into or about the hous-
ings and/or flexible linkages of the medical implant does not
prevent the medical implant from functioning as intended, the
surfaces of the housings and/or the flexible linkages may be
coated with one or more polymers, drugs, or biologics to
modulate tissue growth.

In each of these embodiments, 1n the absence of a strong,
external magnetic field, the magnetic fields of the magnetic
clements within the medical implant will predominate,
attracting the housings to one another to perform the desired
medical function. In some embodiments, 1n the presence of a
strong external magnetic field, such as that of an MRI scanner,
the magnetic elements may rotate within the housings to align
with the stronger field. While the magnetic elements may,
therefore, not perform the desired medical function during
that time, the flexible member will prevent the implant from
completely failing, and the implant will be able to resume 1ts
function once the strong external magnetic field 1s removed.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features of the invention, its nature and various
advantages will be apparent upon consideration of the follow-
ing detailed description, taken 1n conjunction with the accom-
panying drawings, in which like reference numbers refer to
like parts throughout, and in which:

FIG. 1 depicts a housing which 1s made from a spherical
magnetic element encased 1n two spherical shell halves;

FIG. 2 depicts a housing such as that in FIG. 1, which
contains through holes which accept a flexible linkage, or a
member of a flexible linkage, to allow the housing to be
interconnected with other housings;

FIG. 3 shows a rectangular magnetic element encased 1n a
spherical housing, 1n which the magnetic element may rotate
freely;

FIG. 4 shows a cylindrical or disk-shaped magnetic ele-
ment encased 1n a rectangular housing, 1n which the magnetic
clement may rotate freely;

FIG. 5 shows a plurality of magnetic elements housed
within a single capsule-shaped housing, 1n which the mag-
netic elements may rotate freely;

FIG. 6 shows how two housings may be connected by a
flexible member traversing through holes located 1n each of
the housings;

FIG. 7A shows how the magnetic elements in each of the
housings of the medical implant align and attract each other to
form a closed state with all the housings touching;
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FIG. 7B shows how when suificient forces exist to separate
the housings, the housings move away from each other to an

alternative opened state;

FIG. 8 shows housings that are connected by a flexible
chain-type member, which allows the medical implant to
achieve both opened and closed states;

FIG. 9A shows housings that are connected by a series of
independent links, which allows the medical implant to
obtain both an opened and closed state;

FIG. 9B shows a housing wherein the bearings of multiple
independent links are located within the housing;

FIG. 10 shows a housing having a surface feature that can
be used to link housings together as shown 1n FIGS. 11-13;

FIG. 11 shows how a flexible member can criss-cross
around the housings and engage the surface features to hold
the housings together;

FI1G. 12 shows how a tlexible member can be configured as
larger chain-type links that engage surface features of each of
the housings;

FI1G. 13 shows housings that are sewn or otherwise held in
pockets of one or more fabric or polymer-based flexible
bands;

FIG. 14A shows a medical implant, of the type shown in
FI1G. 11, 1n a closed state;

FIG. 14B shows a medical implant, of the type shown in
FIG. 11, in an opened state;

FIG. 15A shows a medical implant, of the type shown in
FIG. 13, 1n a closed state;

FIG. 15B shows a medical implant, of the type shown in

FIG. 13, in an opened state;
FIG. 16 A shows a side view, taken from line 16 A-16A of

FIG. 15B, of an opened state of a section of a medical implant
of the type shown 1 FIGS. 13, 15A, and 15B; and

FIG. 168 shows a top view, taken from line 16B-16B of

FIG. 16 A, of an opened state of a section of a medical implant
of the type shown 1n FIGS. 13, 15A, 15B and 16A.

DETAILED DESCRIPTION

Systems and methods are described for the use of “float-
ing” magnetic elements 1n medical implants. The medical
implant includes a series of housings, which encapsulate the
magnetic elements. Fach housing allows 1ts respective mag-
netic element or elements to rotate freely 1n order to align with
the magnetic fields of magnetic elements 1n adjacent housings
of the medical implant or magnetic fields external to the
medical implant. The housings are connected by a flexible
linkage, which engages each of the housings, but which does
not 1impair the rotation of the magnetic elements within the
housings. The flexible linkage may also accommodate the
various circumierential sizes associated with the medical
implant.

The medical implant may include a pressure-mediated
device placed around a patient’s tissue structure, body organ,
or body lumen to control the rate of flmd, solid, or other
content passage through the tissue structure. The tissue struc-
ture may be, for example, the esophagus, stomach, duode-
num, rectum, urethra, or other tissue structure. The medical
implant 1s movable between at least two states 1in response to
the pressure within the tissue structure. The medical implant
may control more than one rate of passage through the tissue
structure. The medical implant 1s preferably self-regulating
between the tlow rates 1n response to the pressure within the
tissue structure.

For example, 1n response to pressure within the tissue
structure, such as food passing through the lumen about
which the medical implant 1s placed, the circumierence of the
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medical implant may expand. During an expanded state, the
constricting force applied to the tissue structure caused by the
magnetic attraction between the magnetic elements of the
medical implant may be reduced due to the increased distance
between the magnetic elements. The reduction in force
applied to the tissue structure may allow the food to pass
unencumbered. In contrast, when the pressure within the
tissue structure 1s reduced (e.g., when food 1s not passing
through the lumen), the medical implant may be unexpanded.
During an unexpanded state, the distance between magnetic
clements 1s reduced, increasing the magnetic attraction
between the magnetic elements as well as the force applied to
the tissue structure. The constriction of the tissue structure
may aid in the prevention of unwanted material (e.g., stomach
acid) from traversing the lumen.

In some embodiments, medical implants as described
herein may be used for the treatment of gastroesophageal
reflux disease as discussed in commonly-assigned U.S. Pat.
No. 7,695,427, which 1s hereby incorporated by reference
herein 1n 1ts entirety. In some embodiments, medical implants
as described herein may also be used 1n gastric banding as
discussed 1n greater detail 1n, for example, commonly-as-
signed U.S. Patent Publication No. 2009/0062824, which 1s
hereby incorporated by reference herein in 1ts entirety.

Furthermore, in accordance with embodiments of the
invention, the magnetic elements within the medical implant
are allowed to rotate freely to align with an external magnetic
field, such as that of an MRI scanner. Allowing the poles of the
magnetic elements to float and freely align themselves with
other stronger magnetic fields (e.g., within an MRI scanner)
may prevent the loss of functionality of the medical implant
as discussed above. In such cases, atter removal of the stron-
ger magnetic fields (e.g., outside an MRI scanner), the mag-
netic elements may rotate and align themselves with each
other and resume their medical functionality.

In the medical implant, a magnetic element may be encap-
sulated within a housing. As used herein, a magnetic element
may be any structure, composition or device that produces or
alfects, even temporarily, a magnetic field. For example, 1n
some embodiments, a magnetic element may include perma-
nent magnets, temporary magnets, electromagnets, or a com-
bination thereof (e.g., a ferromagnetic material that 1s mag-
netically attracted to a permanent magnet). Magnetic
clements may include any material (e.g., samarium, neody-
mium, etc.), shape (e.g., rings, disks, spheres, bars, etc.), or
s1ze applicable for use 1n a medical implant. In some embodi-
ments, the strength of the magnetic elements found through-
out a single medical implant may be consistent. In some
embodiments, the strength of the magnetic elements found
throughout a single medical implant may vary. In some
embodiments, the strength of the magnetic elements, whether
consistent or varied, may be keyed towards a specific medical
function. For example, the resistance to opening the medical
implant from one state to the next may vary based on the
particular body tissue around which the medical implant 1s
intended to be situated.

The composition and mass of adjacent magnetic elements
and the space between each magnetic element determine a
specific amount of force that 1s required to separate the mag-
netic elements (e.g., by overcoming the magnetic attraction
between the magnetic elements) when the medical implant 1s
in a closed state. At the same time, the maximum separation
that should be allowed between the magnetic elements when
the medical implant 1s 1n an opened state should not be so
great that the magnetic attraction between the magnetic ele-
ments at that separation distance 1s insuificient to restore the
medical implant to a closed state. In some embodiments, the
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medical implant may be structured to limit the maximum
distance the magnetic elements may be separated from each
other based on the strength of the magnetic elements and/or
the resistance, 1f any, that the body organ or tissue structure
may produce during the normal functioning of the organ or
tissue structure. The distance that circumierentially adjacent
magnetic elements may move apart from each other as well as
the amount of circumierential geometry that must be main-
tained by the medical implant during an opened state may be
determined based on the particular medical function.

Each magnetic element may be magnetized, at least tem-
porarily, such that it has one magnetic pole (e.g., North or “N”
as shown below 1 FIGS. 1, 3-5, and 7A-B) and an opposite
magnetic pole (e.g., South or “S” as shown below 1n FIGS. 1,
3-5, and 7A-B). Each magnetic pole of each magnetic ele-
ment 1s attracted to the opposite magnetic pole of the remain-
ing magnetic elements 1n the medical device. When arranged
in series 1n the medical implant (e.g., as shown 1n FIGS.
7A-7B), the magnetic pole of each magnetic element will
align to attract the opposite magnetic pole of an adjacent
magnetic element.

In embodiments of this mvention, the magnetic element
may “tloat” or rotate within a housing. As used herein, a
housing refers to any material, which, partially or completely,
covers or contains a magnetic element. For example, in some
embodiments, a housing may include a spherical bead which
encapsulates the magnetic element. The housing may include
any material (e.g., metals, polymers, textiles, etc.), shape
(e.g., sphere, egg, cube, etc.), or size applicable for use 1n a
medical implant. In some embodiments, the housing may
include a coating or other applicable feature to facilitate
implantation into a patient or to limit excessive tissue growth
into or about the medical implant once it has been implanted
as excessive tissue growth may prevent the medical implant
from functioning as mtended. The coating may include addi-
tional polymers, drugs, and/or biologics, to modulate tissue
ingrowth after implantation. In some embodiments, multiple
magnetic elements may be located within the same housing.

In some embodiments, the magnetic elements may rotate
suificiently to align their poles with the magnetic fields of
other magnetic elements or other stronger magnetic fields
such as within an MRI scanner. For example, 1in the absence of
a strong external magnetic field, the magnetic elements found
within each of the housings of the medical implant may attract
cach other to circumierentially compress the body tissue by
applying a vector force towards the center point of the medi-
cal implant or body tissue around which the medical implant
1s positioned. In some embodiments, the medical implant
may reach a closed state (e.g., a circumierence of the medical
device defined by contact between the housings), in which
despite the attraction of the magnetic fields, the circumier-
ence of the medical implant no longer decreases. While the
magnetic elements attract each other, the medical implant
may compress the body tissue to produce a desirable medical
elfect. In some embodiments, a desirable medical effect may
be achieved even 1f the medical implant does not achieve a
tully closed state.

Upon the application of a strong external magnetic field,
due to the ability of the magnetic elements to rotate, the
magnetic elements may align themselves with the strong
external magnetic field. Under the influence of the strong
external magnetic field, the magnetic fields may not circum-
terentially compress the body tissue. This may allow the body
tissue to expand in a radially outward direction 1n the absence
of a constricting force applied by the medical device. While 1n
such a situation, the magnetic elements may not be perform-
ing the desired medical function, the temporary lack of per-
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formance may be preferable to changes in the medical
implant (e.g., the partial or complete depolarization of the
magnetic elements), which may result 1n the medical implant
functioning poorly or not at all after the strong external mag-
netic field 1s removed. Moreover, the linkage binding the
magnetic elements together may prevent the medical implant
from partially or completely failing to function, even while
the strong external magnetic field 1s in place. For example, the
medical implant may reach an opened state (e.g., a circum-
terence of the medical device defined by the inelasticity of the
member), in which despite radially outward forces exerted on
the medical implant, the circumierence of the medical
implant no longer increases. In some embodiments, 1f the
strong external magnetic field 1s removed, the magnetic ele-
ments within the medical implant may re-align, and the medi-
cal implant may return to a closed state and then resume 1ts
medical function. As the magnetic elements align, the mag-
netic attraction between the magnetic elements may generate
a force or pressure which resumes constricting or compress-
ing the body tissue.

In some embodiments, the magnetic elements may re-align
with each other 1 a step-wise fashion about the medical
implant. For example, the re-alignment of an imitial magnetic
clement within the medical implant may influence magnetic
clements adjacent to the mitial magnetic element to re-align
as well. As each magnetic element re-aligns, additional mag-
netic elements may be mfluenced until all magnetic elements
are aligned.

In some embodiments, the housings may include addi-
tional surface features such as grooves, channels, through
holes, adhesives, coarse areas, hooks, loops, or other fasteners
used by the housing to recerve a flexible member. In some
embodiments, the surface features may partially or com-
pletely bisect the surface area of the housing. In some
embodiments, the surface features may, partially or com-
pletely, bore, indent, or pass through the housing. The surface
features may be any length about the surface area of the
housing or through the housing. The surface features may
also run from any one point on the surface area of the housing
to any other point on the surface area of the housing. In some
embodiments, the surface features may run continuously or
intermittently from one point to another point on the surface
area of the housing.

In some embodiments, one housing may be attached to
another housing through a member. As used herein, amember
may be any linkage (e.g., a structure, composition, or device)
or portion of a linkage that connects or links multiple hous-
ings together that 1s suiliciently flexible to allow the implant
to interact with body tissues as intended. For example, in
some embodiments, a member may include threaded flexible
strands, criss-crossing or mterwoven flexible strands, inde-
pendent or chain links of various sizes, or a tlexible fabric- or
polymer-based band or bands, each of which may be received
by a surtace feature of the housing.

In some embodiments, the housings may be bead-shaped
and may be strung together with thin tlexible strands such as
suture or wire. The flexible strands may reside in, pass
through, or otherwise be received by surface features found
on the surface area of each of the housings. In some embodi-
ments, housings may be linked via independent links or chain
links, of varying sizes, and the links may reside in, pass
through, or otherwise be received by surface features found
on the surface area of each of the housings. In some embodi-
ments, the housings may be linked together by a tlexible band,
which includes a flexible fabric or polymeric structure. In
some embodiments, a portion of the flexible band may reside
in, pass through, or otherwise be received by surface features
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of each housing. In some embodiments, the flexible band may
bind each of the housings by partially or completely covering
the housing.

In some embodiments, when a member and a surface fea-
ture of a housing contact, a projection of the member may
enter the recess of the surface feature. The insertion of the
projection into the surface feature may act to mechanically
prevent the member from leaving or moving away from the
surface feature and, therefore, bind the housing to the mem-
ber. The member may engage the housing in any one or more
of numerous ways (e.g., passing through, boring into, or
attaching to the housing or to a surface feature). Furthermore,
in some embodiments, the member may penetrate the interior
volume of the housing containing the magnetic element(s), as
long as 1t does so 1n a way that does not impair the ability of
the magnetic element(s) to freely rotate. In some embodi-
ments, a plurality of housings may be bound to one or more
members. In addition, in some embodiments, the magnetic
attraction, or lack thereof, of the magnetic elements may vary
the amount of tension experienced by the member. For
example, when magnetically attracting each other, the cir-
cumierentially adjacent magnetic elements may reduce the
diameter of the medical implant to a closed state. In such
cases the body tissue around which the medical implant 1s
located may be squeezed or have a reduced diameter. During
this closed state the tension experienced by the member may
be reduced. In contrast, when the circumierentially adjacent
magnetic elements are not magnetically attracting each other
(e.g., because of the presence of a strong external magnetic
ficld), the body tissue around which the medical implant 1s
located may expand, increasing the diameter of the medical
implant to an opened state. In an opened state, the tension
applied to the member may increase, relative to the tension
applied to the member during a closed state.

In some embodiments, the member may elastically expand
or deform (e.g., bend) as the circumierence of the medical
device 1s expanded. As the member elastically expands or
deforms, tension in the member may mechanically prevent
turther expansion of the body tissue and medical implant. In
some embodiments, structural features of the member may
act in lieu of, or in combination with, elastic expansion as the
circumierence of the medical device 1s expanded. The ability
of the medical device to expand and contract from one state to
another may depend on structural features of the member
(e.g., folds, creases, links, etc.), which allow the medical
implant to vary 1ts circumierential size without varying the
overall length of the member. For example, a member may
fold (or untold), or the links making up a member may re-
position themselves to maximize (or minimize) the distance
between adjacent housings. When the circumierential size of
the medical implant and the length of the member are equal
(c.g., the member 1s completely unfolded), tension in the
member may mechanically prevent further expansion of the
body tissue and medical implant. Furthermore, in some
embodiments, the housings may slide or translate along the
length of the member allowing the distance between indi-
vidual housings of the medical implant to vary.

In some embodiments, the member may also include a
clasp connecting one end of the member to the other end of
the member. A clasp may include any structure, device, or
adhesive used to bind the ends of a member, or multiple
members, together. In some embodiments, a clasp may be
activated once the medical implant 1s positioned around a
body tissue. Clasps for medical implants are discussed in
greater detaill 1, for example, commonly-assigned U.S.
Patent Publication No. 2011/0098731, which 1s hereby incor-
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The member may include any matenial (e.g., polymers,
metals, textiles, etc.), imncluding, but not limited to, shape-
memory or biocompatible alloys or polymers. In addition, in
some embodiments, the member may i1nclude a coating or
other applicable feature as discussed above, to modulate tis-
sue mngrowth after implantation. The member may be any size
or shape which allows the medical implant to perform 1ts
function, mncluding, but not limited to, allowing the medical
implant to vary its circumierence about a body tissue 1n
response to various forces being exerted onto the medical
implant. In some embodiments, the member may act as a limait
on the allowable separation distance. For example, a member
for a particular medical implant may be selected based on the
s1ze or orientation of the body tissue which 1t may surround.
The member may be appropriately sized to ensure that during
an opened state the medical implant does not translate along
the body tissue. In some embodiments, the member may be of
an elastic material. The member may elastically lengthen 1n
the circumierential direction in response to a decrease 1n the
magnetic attraction between the magnetic elements as the
body tissue applies a force to enlarge the circumierence of the
medical implant. Inresponse to a magnetic attraction between
the magnetic elements, which overcomes the force applied by
the body tissue, the medical implant may decrease its circum-
ference. The member may also decrease 1ts circumierence
clastically, or via structural features, as the medical implant
obtains a closed state.

FIG. 1 depicts an embodiment of a housing which 1s made
from a spherical magnetic element encased 1n two spherical
shell halves. FIG. 1 shows housing 100, which includes a first
spherical haltf 102 and a second spherical half 104 encapsu-
lating magnetic element 106. First spherical half 102 and a
second spherical half 104 may be attached to each other
through any suitable means (e.g., welding, adhesives, snap-
fit, tongue-and-groove, etc.) to house magnetic element 106.
In addition, in some embodiments, the housings (e.g., hous-
ing 100) of the medical implant may be formed from a single
structure (e.g., not formed from the combination of two
halves), or may be formed from any number of component
structures (e.g., formed from thirds, quarters, etc.). First
spherical half 102 and a second spherical halt 104 may be
configured to allow the magnetic element to rotate freely as
indicated by arrow 108. In addition, first spherical half 102

and a second spherical half 104 may include a structure with
outside surface 110 and 1nside surface 112. In some embodi-
ments, outside surface 110 may define the surface of housing
100, and 1nside surface 112 may define the volume of housing,
100 1n which magnetic element 106 may freely rotate.

FIG. 2 depicts a housing such as that in FIG. 1, which
contains through holes which accept a flexible member to
allow the housings to be interconnected. FIG. 2 shows hous-
ing 200, which includes a first spherical half 202 and a second
spherical halt 204. In addition, housing 200 includes a
through hole 206, a continuous passageway through the hous-
ing formed from an opening at one point on the surface of
housing 200 to an opening at a second point on the surface of
housing 200. In some embodiments, through hole 206 may
pass completely through the housing. For example, through
hole 206 may originate at the outside surface (e.g., outside
surface 110 (FIG. 1)) of housing 200 and terminate within
(e.g., at inside surface 112 (FIG. 1)) housing 200. In some
embodiments, through hole 206 may pass within the structure
of housing 200. For example, through hole 206 may originate
at one point on the surface (e.g., outside surface 110 (FIG. 1))
of housing 200 and terminate at another point on the surface
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(e.g., outside surface 110 (FIG. 1)) of housing 200 without
breaching housing 200 (i.e., reaching inside surface 112

(FIG. 1)).

In some embodiments, housing 200 may have multiple
surface features, including, but not limited to, multiple

through holes (e.g., through hole 206 and through hole 208).

Each through hole may be configured to recerve a member. In
some embodiments, a member may traverse through hole
206, and a different member may traverse through hole 208.
In some embodiments, through holes on particular housings
may align with through holes on adjacent housings to receive
a common member, which 1s threaded through the through

holes on adjacent housings.

FIG. 3 shows a rectangular magnetic element encased 1n a
spherical housing, 1n which the magnetic element may rotate
freely. FIG. 3 shows housing 300, which includes a first
spherical half 302 and a second spherical half 304. Housing
300 contains magnetic element 306. Magnetic element 306 1s
a non-spherical magnetic element. In some embodiments, a
magnetic element may include a ring, cube, egg, or any other
irregular shape as long as 1ts shape does not prevent 1t from
rotating. In addition, 1n some embodiments, the inside surface
(e.g.,1ns1de surface 112 (FIG. 1)) of housing 300 may include
a non-spherical shape as long as its shape does not prevent
magnetic element 306 from rotating.

For example, FIGS. 4 and 5 show some embodiments, in
which the 1nside surface (e.g., inside surface 112 (FIG. 1)) of
housing 300 1s non-spherical. FIG. 4 shows a cylinder or
disk-shaped magnetic element 406 housed 1n a rectangular
housing 400. Housing 400 includes a first rectangular half
402 and a second rectangular half 404. Within the enclosure
tormed by rectangular haltf 402 and a second rectangular half
404, cylindrical or disk-shaped magnetic element 406 may
rotate freely. In some embodiments, the size of the area
tformed within housing 400 by the combination of first rect-
angular haltf 402 and a second rectangular haltf 404 may be
alfected by the si1ze and thickness of first rectangular half 402
and second rectangular halt 404. Therefore, in some embodi-
ments, the size, shape, and orientation of a magnetic element
(e.g., magnetic element 406) may depend on the size, shape,
and orientation of the associated housing (e.g., housing 400).
Likewise, 1n some embodiments, the size, shape, and oren-
tation of a housing (e.g., housing 400) may depend on the
s1ze, shape, and orientation of the associated magnetic ele-
ment (e.g., magnetic element 406).

FIG. 5 shows a plurality of magnetic elements housed
within a single capsule-shaped housing, 1n which the mag-
netic elements may rotate freely. FIG. 5 shows housing 500,
which includes a first non-spherical half 502 and a second
non-spherical half 504. Within the enclosure formed by first
non-spherical half 502 and second non-spherical halt 504, a
plurality of magnetic elements, including magnetic element
506, may rotate freely. In some embodiments, the plurality of
magnetic elements may be separated by additional structures.
For example, in some embodiments, multiple housings, each
including one or more magnetic elements, may be encapsu-
lated within another, larger housing.

FIG. 6 shows how two housings may be connected by a
flexible member traversing through holes located on each of
the housings. FIG. 6 shows medical implant 600, which
includes housing 604 and housing 608 connected by member
602. In this embodiment, member 602 1s a flexible strand that
1s recerved by through hole 606 of housing 604 and through
hole 610 of housing 608. Multiple housings may be con-
nected together by a single member although only two are
shown i FIG. 6 for simplicity. Each of housing 604 and
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housing 608 may contain one or more magnetic elements
(e.g., magnetic element 106 (FIG. 1)).

In medical implant 600, member 602 1s threaded into
through holes 1n adjacent housings. In some embodiments,
multiple members may be threaded through one or more
through holes on adjacent housings. In addition, 1n some
embodiments, a housing may have multiple through holes
(e.g., as shown above 1n FIG. 2). One or more members may
be threaded through one or more of the through holes on each
of the housings. In some embodiments, a medical implant
may include multiple members, in which each member 1s not
threaded through every one of the housings 1n the medical
implant.

FIG. 7A shows how the magnetic elements 1n each of the
housings of the medical implant align and attract each other to
form a closed state with all the housings touching. FIG. 7A
shows medical implant 700. Medical implant includes a plu-
rality of housings (e.g., housing 702 and housing 706) con-
nected by member 704. In this embodiment, member 704 1s a
flexible strand that 1s received by a through hole (e.g., through
hole 708) located 1n each of the plurality of housings of
medical implant 700. When the magnetic elements are not
alfected by external forces, the magnetic elements align with,
and attract, each other. For example, as shown by FIG. 7A, the
poles of each magnetic element align with the opposite pole
on an adjacent magnetic element (e.g., the north pole of a
magnetic element aligns with the south pole of an adjacent
magnetic element) as discussed above.

While the magnetic elements attract, tension on the mem-
ber 1s reduced. For example, 1n some embodiments, adjacent
magnetic elements may attract each other until the housings
associated with the magnetic element are 1 contact. The
member may include structural features such as folds or
crimps to adjust the circumierential length of the medical
implant. In some embodiments, the member may elastically
expand or contract based on the circumierence of the medical
implant. In this closed state, the medical implant may be
suitable for 1ts medical function.

FIG. 7B shows how, when sufficient forces exist to separate
the housings, the housings move away from each other to an
alternative open state. In the opened state, the distance
between each of the housings 1s limited by the tlexible mem-
ber or members connecting each of the housings. For
example, medical implant 750 may have been acted upon by
an external force, which has reduced or overcome the attrac-
tive force of the magnetic elements of medical implant 750.
The attraction between the magnetic elements 1s no longer
suificient to maintain contact between adjacent housings. In
some embodiments, this may be the result of a strong external
magnetic field (e.g., by the magnetic elements aligning with
an external magnetic force instead of each other), or may be
the result of the radially outward force of the body tissue
being greater than the radially mnward force of the medical
implant.

FIG. 8 shows housings that are connected by a flexible
chain-type member, which allows the medical implant to
obtain both an opened and closed state. FIG. 8 shows medical
implant 800, which includes housing 802 and housing 810.
Housing 802 and 810 are connected by a member composed
of several chain links (e.g., chain links 804, 806, and 808). A
portion of chain link 804 traverses housing 802 via a through
hole (e.g., through hole 206 (FIG. 2)) connecting chain link
804 to housing 802. Chain link 804 1s linked to chain link 806,
and chain link 806 1s linked to chain link 808. A portion of
chain link 808 traverses housing 810 via a through hole (e.g.,
through hole 206 (FIG. 2)) connecting chain link 808 to

housing 810. In some embodiments, housing 802 and housing
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810 may be able to laterally translate on chain link 804 and
chain link 808, respectively, to assist 1n the circumierential
expansion or contraction ol medial implant 800.

In some embodiments, each chain link may be able to
clastically deform (e.g., bend) to accommodate both an
opened state and a closed state of the medical implant. In
some embodiments, individual chain links may vary their
position relative to other chain links, while still being linked,
to accommodate both an opened state and a closed state of the
medical implant. For example, the chain links included 1n the
member may vary from a position where each link contacts an
adjacent link at the widest point of each link (e.g., point 812)
to a position where links contact each other at a narrower
point (e.g., point 814). In some embodiments, the ability for
interwoven chain links to move relative to each other may
allow the medical implant to achieve an opened state in which
adjacent housings do not contact each other, and a closed state
where adjacent housings contact each other.

FIG. 9A shows housings that are connected by a series of
independent links, which allow the medical implant to obtain
both an opened and closed state. Each independent link
includes a shait border by two enlarged ends or bearings. As
used herein, a “bearing” 1s a portion of the independent link
which cannot traverse a through hole. In some embodiments,
a bearing may not be able to traverse a through hole due to 1ts
physical size. For example, the bearing may have a larger
diameter than the remainder of the independent link. In some
embodiments, other suitable methods (e.g., an 1rregularity 1n
the shape of the bearing) that prevent a bearing from entering
a through hole may be used.

The shaft of each independent link slides through two
adjacent housings. The lateral motion of the independent
links relative to each of the housings, or, conversely, the
lateral motion of each of the housings relative to each 1nde-
pendent link 1s limited by the bearings. While the shaift of the
independent link 1s able to flow freely through the surface
teatures of each of the housings, the bearings of the indepen-
dent links may not. The length of the shaft of each indepen-
dent link 1s great enough to allow each of the housings to
move apart to an opened state, in which housings may not
contact each other, but also move to a closed state where one
or more of the housings are in contact.

Furthermore, each of the housings may have a second
independent link sliding through a second surface feature.
The second independent link connects each of the housings to
another adjacent housing on the opposite side of the housing
connected by the initial independent link. In an opened state,
cach of the housings may be in contact with a bearing on one
side of one of the independent links, while also 1n contact with
the bearing on the opposite side of the other independent link.
In such embodiments, one bearing of one independent link
may not be able to enter one side of a first surface feature on
the housing, while a second bearing on a second independent
link may not be able to enter the opposite side of a second
surface feature located on the housing.

FIG. 9A shows medical implant 900, which includes hous-
ing 906, housing 914 and housing 918. Housing 906 and 914
are connected by a member, which included a series of inde-
pendent links (e.g., independent links 902, 904, and 908). A
portion of independent link 902 (e.g., a shaft) traverses hous-
ing 906 via a through hole (e.g., through hole 206 (FIG. 2)). In
some embodiments, housing 906 may translate across inde-
pendent link 902 as independent link 902 slides through a
though hole 1 housing 906. Independent link 904 includes
bearing 916, which may not pass through the through hole on
housing 906.
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Independent link 902 traverses housing 906 via a through
hole (e.g., through hole 206 (FI1G. 2)) connecting housing 906
to another housing (not shown). Housing 906 may translate
on idependent link 902 until 1t 1s inhibited by bearing 910.
Independent link 904 traverses housing 906 via a through
hole (e.g., through hole 206 (FIG. 2)) located on housing 906,
and traverses housing 914 via another through hole located on
housing 914. Housing 906 and housing 914 may translate
freely about the length of independent link 904 between the
bearings located on the ends of independent link 904. In some
embodiments, during a closed state, housing 906 and housing
914 may contact each other as both housings translate along
independent link 904.

Independent link 908 traverses housing 914 via a through
hole (e.g., through hole 206 (FIG. 2)) located on housing 914,
and traverses housing 918 via another through hole located on
housing 918. Housing 914 and housing 918 may translate
freely about the length of independent link 908 between the
bearing 912 and bearing 922, which are located on either end
of independent link 908. Through the connections of 1nde-
pendent link 904 (e.g., connecting housing 906 to housing
914) and the connections of independent link 908 (e.g., con-
necting housing 914 to housing 918), the housings which
make up the medical implant are held together. In addition,
the ability of each of the housings to translate on 1ts respective
independent link allows the medical implant to expand and
contract its circumierence. For example, during a closed
state, housing 918 and housing 914 may contact each other as
both housings translate along independent link 908 as hous-
ing 906 and housing 914 contact each other while translating
along independent link 904.

The length of each independent link and the location of
cach bearing may determine the amount of circumierential
expansion medical implant 900 may undergo. For example,
housing 906 may translate 1n one direction (e.g., to the left) on
independent link 902, and housing 906 may translate 1n the
opposite direction (e.g., to the right) on independent link 904.
The translation of housing 906 may be stopped by the bearing
associated with each independent link (e.g., bearing 910 1n
the case of independent link 902 and bearing 916 in the case
ol mmdependent link 904) contacting the through holes (e.g.,
through hole 206 (FI1G. 2)) ofthousing 906. As the bearings are
unable to pass through the through hole, housing 906 may no
longer be able to translate in either direction. As adjacent
housings are likewise prevented from translating due to con-
tact with bearings on other independent links the circumier-
ential expansion of the medical implant may be limited by the
length of each independent link.

For example, housings 906, 914, and 918 may translate
independently of each other to provide the medical function
of the medical implant. In some embodiments, the maximum
circumierence of the medical implant may be achieved when
the bearings associated with each independent link (e.g.,
bearing 916 and bearing 920 for independent link 904) con-
tact through holes on adjacent housings (e.g., housing 906
and housing 914, respectively). For example, as medical
implant expands, housing 906 may translate on independent
link 904 until bearing 916 contacts a through hole on housing
906. Housing 914 may likewise translate until bearing 920
contacts a through hole on housing 914. The remaining hous-
ings ol the medical implant may also continue to translate on
associated imndependent links until the bearings on each 1nde-
pendent link contact a through hole on each of the housings.
The circumierence of the medical implant will then be asso-
ciated with the sum of the length of each independent link.

FIG. 9B shows a housing wherein the bearings of multiple
independent links are located within the housing. In FIG. 9B,
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housing 950 includes independent link 952 and independent
link 960, each of which may have a shait that may traverse
through hole 954 and through hole 962, respectively. Inde-
pendent link 952 includes bearing 956, which 1s unable to
traverse through hole 954. Independent link 960 includes
bearing 958, which 1s unable to traverse through hole 962. In
some embodiments, independent link 952 and independent
link 960 may engage other housings (not shown) 1n addition
to housing 950. For example, independent link 952 may
include another bearing on the end of independent link 952
that 1s opposite bearing 956. The other bearing may be located
within the other housing, which 1s adjacent to housing 950.
The other housing may include a through hole, which the
shaft of independent link 952 may traverse, but which the
other bearing may not traverse. FIG. 9B also includes mag-
netic element 964 and magnetic element 966, which may
rotate freely within housing 950, 1irrespective of the positions
of independent link 952 and independent link 960. In some
embodiments, as shown, independent link 952 and 1indepen-
dent link 960 may penetrate interior volume 968 of housing
950, as long as 1t does so 1n a way that does not impair the
ability of magnetic element 964 and magnetic element 966 to
freely rotate within housing 950.

FIG. 10 shows a housing having a surface feature that can
be used to link housings together as shown 1n FIGS. 11-13. In
FIG. 10, housing 1000 includes surface feature 1002. Surface
teature 1002 1s a groove that 1s configured to receive a mem-
ber (e.g., flexible strand 1104 (FIG. 11)). Surface feature
1002 bisects housing 1000. In some embodiments, surface
teature 1002 may be any length about the surface area of the
housing 1000 or may run from any one point on the surface
area of the housing 1000 to any other point on the surface area
of the housing 1000. In some embodiments, surface feature
1002 may run continuously or sporadically from one point to
another point on the surface area of the housing 1000. In some
embodiments, the groove may include varying depths or addi-
tional fastening mechanisms (e.g., adhesives).

FIG. 11 shows how a flexible member can criss-cross
around the housings and engage the surface features to hold
the housings together. FIG. 11 shows housing 1006, housing,
1108, and housing 1110 held together by criss-crossing or
interwoven members, such as flexible strand 1102 and flex-
ible strand 1104. Flexible strand 1102 and flexible strand
1104 are recetved by a surface feature (e.g., surface feature
1002 (FIG. 10) as mdicated by the dotted lines shown on
housing 1106, housing 1108, and housing 1110. Additional
embodiments incorporating flexible strands (e.g., flexible
strand 1102 and flexible strand 1104) are discussed below 1n
connection with FIGS. 14A-B.

FI1G. 12 shows how a flexible member may be configured
as larger chain-type links that are received by surface features
of each of the housings. The surface features receive the

chain-type links and bind the housing within the chain-type
link. FIG. 12 shows housing 1204, housing 1208, and housing

1212 held together by chain-type links such as chain link
1202, chain link 1206, and chain link 1210. Chain link 1202,
chain link 1206, and chain link 1210 are received by a surface
teature (e.g., surtace feature 1002 (FIG. 10)) as indicated by
the dotted lines shown on housing 1204, housing 1208, and
housing 1212.

In some embodiments, each of the plurality of housings
(e.g., housing 1204, housing 1208, and housing 1212) may
translate freely along its respective chain link as the chain-
type link slides within the surface features of the housing. The
translation of the housings may allow the medical implant to
expand from a closed state to an opened state. The translation
of each housing on its respective chain-type link may be
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limited as the housing reaches the end of the chain-type link
(e.g., point 1214) or makes contact with an adjacent chain-
type link linked to a respective chain-type link (e.g., point
1216) of another housing. In some embodiments, coatings
(e.g., biocompatible lubricants) may be applied to each chain-
type link to facilitate the movement of a housing.

FIG. 13 shows housings that are sewn or otherwise held by

pockets of one or more flexible fabric- or polymer-based
bands. FIG. 13 shows housing 1308, housing 1310, and hous-

ing 1312 held together by flexible band member 1302 and
flexible band member 1304. In some embodiments, housing
1308, housing 1310, and housing 1312 may be sewn or encap-
sulated, partially or fully, 1n between flexible band member
1302 and flexible band member 1304 as indicated by stitching,
1306. Additional embodiments incorporating flexible bands
(e.g., flexible band member 1302 and tlexible band member

1304) are discussed below in connection with FIGS. 15A-B
and 16 A-B.

FIG. 14 A shows how, 1n a medical implant incorporating a
criss-crossing tlexible member, each of the housings aligns
with each other to form a closed state. In FIG. 14 A, medical
implant 1400 includes housing 1402, housing 1404, and
housing 1406 which are connected through the criss-crossing
of flexible strand member 1408 and flexible strand member
1410. In some embodiments, flexible strand member 1408
and flexible strand member 1410 may reside 1n surface fea-
tures (e.g., surface feature 1002) located on each of the hous-
ings. Medical implant 1400 1s currently 1n a closed state 1n
which the magnetic elements (e.g., magnetic element 106
(FI1G. 1)) are magnetically attracted to each other. During this
closed state, the tension experienced by the flexible strand
member 1408 and flexible strand member 1410 may be
reduced.

Medical implant 1400 shows an example of the closed state
of a medical implant including flexible strand members 1n
accordance with some embodiments of this disclosure. For
example, medical implant 1400 1includes a plurality of hous-
ings (e.g., housing 1402, housing 1404, and housing 1406) 1n
an annular array. Each housing in the array 1s oriented so that
its respective magnetic element (e.g., magnetic element 106
(FIG. 1)) magnetically attracts the two magnetic elements
that are immediately adjacent to it 1n the array (1.¢., the two
magnetic elements that are in the housings on the respective
opposite sides of the first-mentioned magnetic element 1n the
first-mentioned housing 1n the array). For example, the mag-
netic element 1n housing 1404 1s aligned as discussed above
and as shown 1n FIG. 7A-B such that one of its poles (e.g., the
north pole) attracts the opposite pole (e.g., the south pole) of
the magnetic element 1n housing 1402. The magnetic element
in housing 1404 1s also aligned such that 1ts other pole (e.g.,
the south pole) attracts the opposite pole (e.g., the north pole)
of the magnetic element 1n housing 1406.

Each annularly adjacent pair of housings 1n the array 1s
connected by flexible strand member 1408 and tlexible strand
member 1410. Flexible strand member 1408 and flexible
strand member 1410 allow the plurality of housings (e.g.,
housing 1402, housing 1404, and housing 1406) to move
away from one another along the length of the flexible strand
member 1408 and flexible strand member 1410. However, the
amount that the plurality of housings can move away {from
one another 1s limited by the tlexible strand member 1408 and
flexible strand member 1410.

For example, 1n some embodiments, the magnetic attrac-
tion, or lack thereof, of the magnetic elements 1n each of the
housings may vary the amount of tension experienced by
flexible strand member 1408 and flexible strand member
1410. For example, when magnetically attracting each other,




US 8,734,475 B2

15

the circumierentially adjacent magnetic elements 1n each of
the plurality of housings may reduce the diameter of the
medical implant to a closed state as shown in FIG. 14 A. While
the medical implant 1400 1s in the closed state, the body tissue
around which medical implant 1400 1s located may be
squeezed or have a reduced diameter as medical implant 1400
exerts pressure on the body tissue. During this closed state the
tension experienced by flexible strand member 1408 and flex-
ible strand member 1410 may be reduced. In contrast, when
the magnetic elements 1n the circumierentially adjacent hous-
ings are not magnetically attracting each other, the body
tissue around which medical implant 1400 1s located may
expand increasing the diameter of medical implant 1400 to an
opened state as shown 1n FIG. 14B. In some embodiments,
flexible strand member 1408 and flexible strand member
1410 may elastically expand as the circumierence of the
medical device 1s expanded. Tension 1n tlexible strand mem-
ber 1408 and flexible strand member 1410 may act as a
mechanical preventative against further expansion of the
body tissue and medical implant 1400.

FIG. 14B shows how, 1n a criss-crossing flexible member,
when suflicient forces exists to separate the housings, the
tflexible member limits the shape of the medical implant and
the distance between the housings in an opened state. In FIG.
14B, medical implant 1420 includes housing 1422, housing
1424, and housing 1426 which are connected through the
criss-crossing of flexible member 1428 and flexible member
1430. In some embodiments, flexible member 1428 and flex-
ible member 1430 may reside 1n surface features (e.g., surface
feature 1002) located on each of the housings. Medical
implant 1420 1s currently in an opened state in which the
magnetic elements (e.g., magnetic element 106 (FIG. 1)) are
not magnetically attracted to each other (e.g., as aresult of a
strong external magnetic force). During this opened state, the
tension experienced by the flexible member 1428 and flexible
member 1430 may be increased.

Flexible member 1428 and flexible member 1430 may
function to maintain the arrangement of the plurality of hous-
ings (e.g., housing 1422, housing 1424, and housing 1426) 1n
the form of an annular array at all times. While the circum-
terence of the medical implant 1420 may be variable from a
smaller size (e.g., as shown 1n FIG. 14A) when each of the
plurality of housings 1s 1n contact with its two immediately
adjacent neighboring housings (e.g., housing 1422 and hous-
ing 1426 1n the case of housing 1424), to a larger size when
cach of the plurality of housings has moved away from 1ts
neighboring housings, the annular shape of medical implant
1420 1s maintained by flexible member 1428 and flexible
member 1430.

FIG. 15A shows how, 1n a flexible fabric or polymer-based
band, each of the housings aligns with each other to form a
closed state. In FIG. 15A, medical implant 1500 includes
housing 1502, housing 1504, and housing 1506 which are
connected through the flexible band member 1508. In some
embodiments, tflexible band member 1508 may correspond to
flexible band member 1302 and/or flexible band member
1304 (FIG. 13). Each housing 1n the array 1s oriented so that
its respective magnetic element (e.g., magnetic element 106
(FIG. 1)) magnetically attracts the two magnetic elements
that are immediately adjacent to it 1n the array as discussed
above. For example, the magnetic element 1n housing 1504 1s
aligned with the magnetic element 1n housing 1502 and the
magnetic element 1n housing 1506.

In some embodiments, flexible band member 1508 may
reside in surface features (e.g., surface feature 1002) located
on each of the housings. In some embodiments, the housings
may be sewn 1nto or encapsulated by tlexible band member
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1508 as described above 1n connection with FI1G. 13. Medical
implant 1500 1s currently 1n a closed state in which the mag-
netic elements (e.g., magnetic element 106 (FIG. 1)) are
magnetically attracted to each other. During this closed state,
the tension experienced by the flexible band member 1508
may be reduced.

Each annularly adjacent pair of housings 1n the array 1s
connected by flexible band member 1508. Flexible band
member 1508 allows the plurality of housings (e.g., housing
1502, housing 1504, and housing 1506) to move away from
one another along the length of the flexible band member
1508. However, the amount that the plurality of housings can
move away from one another 1s limited by the flexible band
member 1508.

For example, 1n some embodiments, the magnetic attrac-
tion, or lack thereot, of the magnetic elements 1in each of the
housings may vary the amount of tension experienced by
flexible band member 1508. For example, when magnetically
attracting each other, the circumierentially adjacent magnetic
clements 1n each of the plurality of housings may reduce the
diameter of the medical implant to a closed state as shown 1n
FIG. 15A. While the medical implant 1500 1s 1n the closed
state, the body tissue around which medical implant 1500 1s
located may be squeezed or have a reduced diameter. During
this closed state the tension experienced by flexible band
member 1508 may be reduced.

In some embodiments, tlexible band member 1508 may
shorten 1ts circumierential length via structural features 1n
response to the medical device obtaining a closed state as
shown 1n FIG. 15A. In some embodiments, the area or posi-
tion of structural features 1n flexible band member 1508 (e.g.,
areas predetermined to fold) may be determined by pre-
creased or pre-crimped areas of the material that makes up
flexible band member 1508. Alternatively, the area or position
of structural features may change during each expansion or
contraction of the medical implant. In some embodiments,
the position of structural features may depend on the size and
shape of the housings (e.g., housing 1502, housing 1504, and
housing 1506) of medical implant 1500, or the strength of the
magnetic elements within each of the housings.

FIG. 15B shows how, 1n a flexible fabric or polymer-based
band, when suificient forces exists to separate the housings,
the flexible band limits the shape and distance between the
housings to form an opened state. The housings are limited by
the flexible band connecting each of the housings. In FIG.
15B, medical implant 1520 includes housing 1512, housing
1514, and housing 1516 which are connected through flexible
member 1518. In some embodiments, flexible band member
1518 may reside 1n surface features (e.g., surface feature
1002) located on each of the housings. Medical implant 1510
1s currently 1n an opened state 1n which the magnetic elements
(e.g., magnetic element 106 (FIG. 1)) are not magnetically
attracted to each other (e.g., as a result of a strong external
magnetic force). During this opened state, the tension expe-
rienced by the flexible band member 1508 may be increased.
In addition, any structural features (e.g., folds) of flexible

band member 1508 (FIG. 15A), which were present during
the closed state of medical implant 1500 (FIG. 15A) may be
reduced (e.g., unfolded) while obtaining an opened state as
shown 1n FIG. 15B.

Flexible band member 1518 may function to maintain the
arrangement of the plurality of housings (e.g., housing 1512,
housing 1514, and housing 1516) 1n the form of an annular
array at all times. The circumierence of the medical implant
1510 1s vanable from a smaller size (e.g., as shown 1n FIG.
15A) when each of the plurality of housings 1s 1n contact with
its two 1mmediately adjacent neighboring housings (e.g.,
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housing 1512 and housing 1516 1n the case of housing 1514),
to a larger size when each of the plurality of housings has
moved away from its neighboring housings as permitted by
flexible band member 1518. It should be noted any circum-
ferential size between the smaller and larger sizes may also
occur and may provide a medical function.

FIG. 16 A shows a side view of an opened state of a medical
implant, in which each of the housings 1s connected by a
flexible band. Medical implant 1600 displays flexible band
member 1602 connecting housing 1604, housing 1606, and
housing 1608. FIG. 16B shows a corresponding top view of
an opened state of a medical implant, in which each of the
housings 1s connected by a tlexible band. Medical implant
1610 displays flexible band member 1612 connecting hous-
ing 1614, housing 1616, and housing 1618. In medical
implant 1600 and medical implant 1610, each of the housings
1s positioned at equal intervals along the length of flexible
band member 1602 and flexible band member 1612, respec-
tively. In some embodiments, the positions of housings along,
a member (e.g., flexible band member 1602 and flexible band
member 1612) may vary in order to accommodate specific
medical functions or the strength or number of magnetic
clements 1n the medical implant.

For example, in some embodiments, each housing may
have a varying number of magnetic elements (e.g., magnetic
clement 106 (FIG. 1)) 1n each housing (e.g., as discussed 1n
connection with FIG. §), or each magnetic element may have
a varying amount of strength as discussed above. In some
embodiments, the distance between housings along the
length of a member 1n the medical implant may depend on
these vanations. For example, housings containing strong
magnetic elements may be further apart than housings con-
taining weak magnetic elements. Alternatively, magnetic ele-
ments may be arranged along the length of the member by
their relative strength. For example, 1n a medical implant
featuring strong magnetic elements, adjacent magnetic ele-
ments may be spaced further apart. Alternatively, strong mag-
netic elements may be positioned adjacent to weak magnetic
clements, or housings containing multiple magnetic elements
may be adjacent to housings with only a single magnetic
clement. In some embodiments, the specific number or
strength of magnetic elements may depend on the particular
medical function to be achieved by the medical implant as
discussed above.

The above-described embodiments of the present disclo-
sure are presented for purposes of illustration and not of
limitation, and the present disclosure 1s limited only by the
claims which follow. Furthermore, it should be noted that the
features and limitations described 1n any one embodiment
may be applied to any other embodiment herein, or examples
relating to one embodiment may be combined with any other
embodiment 1n a suitable manner to achieve suitable results.
For example, any description or example relating to a mag-
netic element may be applied to any description relating to
other magnetic elements or to housings containing those
magnetic elements. Likewise, any description or example
relating surface features on any one of the housings may be
applied to all other housings. Any description or example
relating to magnetic elements or housings, or surface features
on those housings, may also be applied to any description
relating to members. Furthermore, any medical implant as
shown or described herein may include or incorporate any
feature or limitation described throughout this disclosure. It
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should also be noted that the systems and/or methods
described above may be applied to, or used 1n accordance
with other systems and/or methods.

It should also be understood that the foregoing i1s only
illustrative of the principles of the invention, and that various
modifications can be made by those skilled 1n the art without
departing from the scope and spirit of the invention. For
example, the numbers, sizes, and shapes of various compo-
nents shown herein are only some 1llustrations of what can be
done, and many variations of these parameters are possible. It
will also be appreciated that, while some aspects of what 1s
shown and described herein may be of primary interest in
connection for the treatment of gastroesophageal reflux dis-
case and/or with gastric banding, other aspects are of more
general interest and applicability. For example, the devices
shown and described herein that include both magnetic and
clastic components may be used anywhere 1n a patient’s body
where such a device can be beneficially applied to a tissue
structure or for the treatment of a disease.

What 1s claimed 1s:

1. Apparatus for implanting in a patient’s body comprising;:

a first magnetic element;

a first housing encapsulating the first magnetic element,
wherein the first housing allows the first magnetic ele-
ment to float within the first housing;

a second magnetic element;

a second housing encapsulating the second magnetic ele-
ment; and

a member connecting the first housing to a second housing;;
wherein:

the first magnetic element magnetically interacts with the
second magnetic element.

2. The apparatus of claim 1, wherein the second housing
allows the second magnetic element to float within the second
housing.

3. The apparatus of claim 1, further comprising a third
magnetic element encapsulated by a third housing, wherein
the third magnetic element magnetically interacts with the
first magnetic element and the second magnetic element to
produce a radially inward force on a body tissue.

4. The apparatus of claim 1, wherein the member 1s con-
figured to limit a distance between the first magnetic element
and the second magnetic element during circumierential
expansion.

5. The apparatus of claam 1, wherein the first housing
allows the first magnetic element to float freely to align with
an external magnetic field.

6. The apparatus of claim 1, wherein the first housing has
spherical shape.

7. The apparatus of claim 1, further comprising a groove 1n
the first housing for recerving the member.

8. The apparatus of claim 1, further comprising a through
hole 1n the first housing for recerving the member.

9. The apparatus of claim 1, wherein the member 1s capable
of elastically expanding about a body tissue from a closed
state to an opened state.

10. The apparatus of claim 1, wherein the first housing and
the second housing are capable of translating on the first
member.

11. The apparatus of claim 1, further comprising a plurality
of magnetic elements encapsulated 1n the first housing.
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